Objective: To assess the validity of an algorithm for identifying patients with diabetic macular edema (DME) using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes in administrative billing data from a convenience sample of physician offices.
V
ISION LOSS RELATED TO DIAbetic retinopathy may be caused by vitreous hemorrhage, macular edema, macular ischemia, or tractional retinal detachment. Diabetic retinopathy is the leading cause of blindness in working-age populations in developed countries, and diabetic macular edema (DME) is the leading cause of any degree of visual impairment in patients with diabetes mellitus. However, current understanding of the epidemiology and disease burden of DME is limited. Findings from the Wisconsin Epidemiologic Study of Diabetic Retinopathy suggest that 13% to 25% of patients with diabetes mellitus develop DME in 10 years, with a point prevalence ranging from 2% to 6%. 1 Data from other populations are sparse.
Administrative claims databases have been used to develop reliable estimates of the incidence of several chronic ophthalmic conditions including glaucoma, macular degeneration, and diabetic retinopathy. 2 However, the accuracy of claims data in identifying patients with DME has not been assessed or validated, to our knowledge, and has been limited by the lack of an International Classification of Diseases, Ninth Revision, code for DME before October 1, 2005 .
The objective of this pilot study was to assess the validity of an algorithm for identifying patients with DME using ICD-9-CM diagnosis codes in administrative billing data from a convenience sample of physician offices. If billing data from physician offices are accurate, then administrative databases can be used with confidence in efforts to assess disease prevalence and, ultimately, disease burden and the benefits of treatment of diabetes mellitus and DME.
physicians (51%) agreed. We asked the participants to search their computerized billing data for patients seen between January 1, 2001, and July 31, 2003 , and to randomly select 10 patients using 4 coding algorithms ( Table 1 ). The algorithms, based on previous work by Sloan et al, 2 rely on ICD-9-CM diagnosis codes available during calendar years 2001 through 2003. We hypothesized that an algorithm that combined codes for diabetes mellitus and cystoid macular edema (250.xx and 362.53), hereafter termed "the DME algorithm," could be used to accurately identify patients with DME and that the other 3 algorithms would not be useful in identifying patients with DME. We used practice-based billing data so that we could generalize results across the mix of payers in the practices, as opposed to the approach used in previous studies in which selection was based on the payers' claims databases (eg, Medicare).
For each of the 10 patients from each practice, we asked the physicians to collect the medical records, including all handwritten office notes and any dictation, letters, or other correspondence sent or received, with regard to (1) the billing diagnosis visit; (2) the visit immediately preceding the billing diagnosis visit, if applicable; (3) the first office visit regardless of the reason for the visit; and (4) the first visit for which a qualifying clinical diagnosis was noted in the medical record regardless of whether this visit was the billing diagnosis visit. We asked the participating physicians to remove all identifiable patient information from the selected medical records, preserving only the month and year of each visit. We compensated the physicians $75 for each complete medical record. The Institutional Review Board of the Duke University Health System approved this study.
DATA ABSTRACTION AND ANALYSIS
Four ophthalmologists (S.B., P.M., I.J.S., and P.P.L.) on the study team reviewed the submitted medical records and abstracted the data. These reviewers were masked to physician identity, practice type (general ophthalmology or retina subspecialty), and practice setting (academic or community practice). For each medical record, the reviewers identified whether diabetes mellitus, DME, or clinically significant DME was documented on or before the billing diagnosis date. All data were entered into a commercially available database (Access 2002; Microsoft Corp, Redmond, Washington) . A coinvestigator (P.P.L.) then reviewed (1) all medical records for which the billing data were identified using the DME algorithm but in which the reviewers did not find a diagnosis of DME; (2) all medical records for which the billing data were identified using the other 3 algorithms but in which the reviewers found a diagnosis of DME;
and (3) a 10% random sample of medical records for which there were no such discrepancies.
We used basic descriptive statistics to calculate response rates by diagnostic category and participating physician. We calculated sensitivity, specificity, and the statistic for the DME algorithm, treating medical record documentation of the presence or absence of DME as the standard criterion. Sensitivity reflects the percentage of medical records containing a diagnosis of DME that were identified correctly using the DME algorithm. Specificity reflects the percentage of medical records not containing a diagnosis of DME that were identified correctly as not containing DME using the other 3 algorithms. The statistic measures the agreement between the DME algorithm and the medical record and corrects for the chance agreement that would be expected if the 2 were unrelated. We also calculated sensitivity, specificity, and the statistic for the DME algorithm in identifying clinically significant DME. We used commercially available software (SAS version 9.0; SAS Institute, Inc, Cary, North Carolina) for all analyses.
RESULTS
We received 225 medical records from 10 retina specialists and 12 general ophthalmologists. Approximately 9% of the medical records were from a single academic institution, another 20% were from the community-based practice sites of the academic institution, and the remaining medical records were from other academic institutions (19%) and specialty eye care centers (52%).
On average, each physician provided 11 (SD 3.6) medical records. Six physicians were unable to provide 10 medical records; therefore, 4 physicians provided more than 10 medical records. Twenty-six medical records (12%) were identified by the participating physicians using the algorithm for diabetes mellitus and no retinopathy; 95 (42%) using the codes for background diabetic retinopathy; 28 (12%) using the algorithm for proliferative diabetic retinopathy; and 76 (34%) using the DME algorithm.
The DME algorithm had a sensitivity of 0.88 (95% confidence interval [CI], 0.78-0.94) and a specificity of 0.96 (95% CI, 0.91-0.98) for identifying medical records that contained a diagnosis of DME ( Table 2 ). There was excellent agreement between the DME algorithm and the medical record (=0.84; 95% CI, 0.77-0.92). The DME algorithm performed less well in identifying medical records that contained a diagnosis of clinically significant DME, with a sensitivity of 0.86 (95% CI, 0.75-0.94), a specificity of 0.84 (95% CI, 0.78-0.90), and =0.64 (95% Table 3) . The results did not differ significantly by practice setting.
COMMENT
In this preliminary study, we found that patients with DME can be accurately identified using ICD-9-CM diagnosis codes submitted by physicians in billing claims to payers. Treating the medical record as the standard criterion, the DME algorithm yielded a sensitivity of 0.88 and a specificity of 0.96 for identifying DME. Excellent agreement was noted between the algorithm and the medical record. The algorithm was less specific for clinically significant DME (0.85), which suggests that the algorithm identifies DME in general, not just clinically significant DME.
To our knowledge, this is the first study to validate an algorithm to identify DME in claims data. Javitt et al 3 demonstrated more than 15 years ago that Medicare claims data could be used to accurately identify patients who had undergone cataract surgery. Studies in other fields have shown that the accuracy of claims data compared with medical record documentation varies depending on the source of the data, the comorbid condition, and whether that condition is likely to affect reimbursement. 4, 5 Previous studies suggest that these coding errors in claims databases may be higher than 20%. [6] [7] [8] This study provides preliminary evidence that the coding of DME is accurate.
With the overall prevalence of diabetes mellitus expected to increase at an epidemic rate, 9 the availability of good tools for studying complications of diabetes mellitus will become increasingly important. A low falsepositive rate is important when using claims data to analyze the epidemiology of a disease or treatment patterns. As new therapies become available, having confidence in the identification of patients with DME will be vital to assessing a large range of issues associated with such treatment.
Although limited in their clinical detail, administrative data sets are relatively inexpensive to use and can capture information about a large number of patients over time. The DME algorithm that we tested will be particularly useful in identifying patients with DME that developed before the October 2005 adoption of a specific diagnosis code for DME (362.07). Even in analyses of more recent administrative data, the algorithm will be useful because the adoption of new diagnosis codes by physician practices may not occur quickly.
This study has some limitations. The validity of the DME algorithm is based on the premise that the coding ophthalmologist accurately diagnoses the presence or absence of DME. There may be overappreciation or underappreciation of DME and clinically significant DME, resulting in inaccurate classification of patients. However, such errors would apply to any current method of identifying patients that depends on physician diagnostic skills. Because DME, in particular, clinically significant DME, is classically a clinical diagnosis, this potential source of error will be present in any review system absent the use of an instrument definition of the condition (eg, optical coherence tomography or fluorescein angiography). The DME algorithm also requires that the clinical diagnosis of DME be reflected in the billing data. To the extent that retinal edema rather than cystoid macular edema is coded in the medical record, the algorithm may underestimate the prevalence of DME.
Another limitation of this study is the convenience sampling of ophthalmologists, which may overstate or understate the accuracy of ophthalmologists in general. Moreover, there may be important geographic differences in the coding of DME that we could not detect in this limited convenience sample. Twenty-two of 43 physicians who agreed to participate may have been more diligent in record keeping, adding to the potential bias. However, we attempted to reduce bias and improve generalizability by identifying medical records of patients from both general ophthalmologists and retina specialists. These patients were seen at academic institutions and private practices across the United States. Furthermore, there is no a priori reason to suspect that the sites were substantially different from other similar practices in this country.
In conclusion, we found that patients with DME can be identified from administrative data. The algorithm described selects for patients with DME with high sensitivity and specificity. While the findings of this preliminary study are strong, a larger sampling will be needed to verify the results. November 7, 2007; accepted November 9, 2007 Abbreviation: DME, diabetic macular edema. a Sensitivity, 86%; specificity, 84%.
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